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INVESTIGATION OF THE LONGITUDINAL STABILITY AT
HIGH SPEEDS OF A 1/5-3SCALE MODEL OF A

TAILLESS PURSUIT AIRPLANE
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By Idmund V. Laitone
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QTTIANTA T

Tests of a taillacss pursuit airplanc model at the Ames
Aeronautical Laboratory have shown that in conditions
corresponding to level flight at a Mach number less than 0,7
and at an altitude under 35,000 feet, no serious
comprcesibility offoets cceurred and that no sudden advoerse
diving moments werce cncountercd up to a Mach number of Q.7l,
the maximum spced of the tests, However, thore wore
indications that the clevons might losc thelr effcectivencss
for longiltudinal control during a pull-out from a stcep dive.

INTRODUCTION

In order to dectermine the effect of high speceds upon
its longitudinal stability and control and at the recquest of
the Army Lir Forcos, Hatoriel Command, a 1/5-scale model of
a tailless pursuit airplanc was tested in the Ames 1l6-foot
wind tunnel., Similar tests were made of the wing alone in
o¥der to debermine the approximate chaeracteristics of a
flying wing.

APPARATUS AND METHODS

The model, made principally of mahogany, was provided



with a solid steel wing spar. The general model dimensions are
shown in figure 1.

The model was mounted on two support struts in the Ames
16-foot wind tunnel, as shown in figure 1. Figure 2 shows
the complete model, Figure 3 shows the wing alone as mounted
for tests to determine the anproximate cheracteristics of a
flying wing. »

RESULY

The drag, 1ift, and pitching moments were corrected by
deducting the approximate support-strut tares cbtained from
tests with only dumny booms mounted on the support struts
(fig. h)‘ Figure 1 presents the significant model dimensions,
The pitching-moment cosefficients were computed for moments
akout the center cf graviliy and were bascd on the mean
serocdynawic chord (fig. 1). The drag coefficients wer
corrected, by standard wethods, for the tunnel-wall in
ference and for ths upward inclination of the air stream as
evaluated by testing the model upright and inverted. The
buoyancy and constriction corrections were neglected, being
less than one nercent. The data were not corrected for the
spanwise variation of thz upflew angle or for induced
velocitiss due to the suprort struts. The approximate
sranwise variation of the urflcw angle and local lMach number,
ag shown in figure 5, were determined by measurcments made
with only the durmmy booms mounbted on the support struts
(fig. L),

The data were obtained for a Mach number range of 0,3
to 0.7lL, corresponding to a Reynolds number range of 3,200,000
to 5,700,000 based on the M,A.C. of 1,567 feet. Figures
to 18 inclusive, show the variatlon with Mach number of the
drag and pitching-moment coefficients for constant 1ift
coefficients. Figures &6 to 11, inclusive, are for the complete
nodel with various elevon angles (fig. 1), while figures 12 to
17, inclusive, present the results of the wing alone. A
positive elevon angle (e) is defined as a downward move-
moment of the trailing edge. Figure 18 shows the effect of
adding roughness (1/h-inch-wide strip of No. 180 carborundum)
at the- 10-percent-chord line along the entire span of the
completec model,

The general scatter of the test points at high speeds 1is
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approxinately 0,01 for the 1ift and pitching-nomnent
nefficicnts and 0,001 for the drag coefiicients,

DIRCUSSIOI
The deto indicote that nn serinug cor morecelibility

effects nccurred up 2 a llach number 7T rlgidtlmaueLy O.(,
providced the 1ifT cnefficient renained less u“an O tby A
Ilacl number »f O.7 corresponds t9 a specd of 165 niles
ver h~ur at en altitude of 35,000 feet, These conditions
recuire a 1ift coefficlent of only 0,23 for the wing loading
of the full-scele airplone, 39 nounds per Oouﬁre 201,
Consecuently, for conditisns corresninding t5 level flight
2T the alrplﬂno av a llach nunmber less ngn Os7 and at

eltitudes below 35,000 ;eCu, n> large odverse comprecsibility
cffects were ¢“c1cgte

ng momnent with Illach number Ior
The comnlete mod: he wing ealone was cinilor to
the charscteristi 1 wing esections, n» odverse
diving moments being evident, However, figure 11, for the
complete mndel, indicates that difficulties in iongitudinal
contral may be experienced at high spcaﬁs vith 1if%
coefTiclents of 0.4 or nore becauce Tthe elevana ceascd to
be eifective. Figure 11 shows that fo* elevcn QEIl“Ctl“ﬂS
2f -6 the Oitch¢n0~mouent Increnent rencined epprociable
until a lach nunber »f O. 7 and a 1ift coofficient »F 0Q,id
were exceceded, then the pitching-noment in c;cueﬁt tecane
negligivle, Alsn at a 1ift coefficient »f 0.4 »r more and
at a liach _number greater than 0.5, elevon Ceflections
beyond -5 were ine "fective for longitulinel control,
Therefore, some trouble may sccur during o )hlL—Out from a
steep dive. For cxemple, & 5g pull-»-ut at 06 niles per
hour at en altltudﬂ nf 15,000 feet rec ‘uires o 1ift
coefficient of 0,147 at a ilach nuuber o7 Oa/, & condition
Tor vhich the model test results show the clevons to be
relatively incffccivive, T~“igure 17, Tor the wing alonc,
cxhibits the same goneral cha TaCtbPlSGlCS, showing that the
cffeet vas not produced uy the adiitisn 27 the fusclege

or duct openings, However, it is ioportant t5 note that
apprecliable scale effeccts may be involved, At the low
Reynnlds number »f thesc tests (3,200,000 to 5,700,000),
the tendeney of the flow ©2 scoparate 1s nrobably greatcr
than 1t would be et full-scele Reoynnlds numbers, Surfac
roughness, the effeet »f which is indicated for the model by

The variation of »i
0l n




s mapinen of figures 6 and 18, might bo of smaller conscquenco
s ull seale, sinee it would probably have less tendency to
to scparation. The support booms, which were flush with
Ahonpd onds of tho clovons, as shown in figure 1, may

1ueed intorfercncc, cspocially at the higher 1ift
snte and Mach numbers.

Ames Aecroncubtical Laboratory, ;
Netional Advisory Committec for Acrcnautics,

w0

offott Ficld, Calif.
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Figure 1,~ Outline of the model mounted on support struts.
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Figure 2.~ Complete model.




Figure 3.~ Wing alone.
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Figure 4.- Dummy booms mounted on support struts
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Figure 5.- Spanwise variation of upflow angle and local Mach
number in verticel transverse plane through model center
of gravity.
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Figure 6,- Variation of Cp and Cy with M at constant Cy for
coemplete model with elevons at 0°
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Figure 7.- Variation of Cp and Cm with M at constsant
C;, for complete model with elevons at -12°,
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. Figure 8.- Variation of Cp &nd Cp with M at constant

Cy, fer complete model with elevons at -46°.



A77

O

02

NATIJNAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 9.~ Variation of Cp and Cypy with M at constant
Cy, for complete model with elevons at -3°,
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Figure 1C.- Variation of Cp and Cp with M at constant
Cy, for complete model with elevons at +3°.
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levon effectiveness for the complete model,
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: Figure 12.- Variation of Cp and C, with M at constant

Cy, for wing alone with elevons at 0°.
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Pigure 12,.- Variation of Cp and Cp with M at
constant C; for wing alone with elevons at -1i2°,
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Figure 1lj.~ Variation of Cp and Cp with M at constant
Cr, for wing alone with elevons at -6,
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Figure 15,- Variation of Cp and Cp with M at
constant Cp, for wing alone with ele
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Figure 16.~ Variation of Cp and Cy with M at

o
8 £ Nihbeled + .
constant Cp for wing alone with elevens at 3
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Figure 17.- Elevon effectiveness for wing alone.
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. Figure 18.- Variation of ¢p and Cy with M at constant Cj,

for complete model with roughness at 10 percent chord
line. Elevons at 0°.



